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ABSTRACT 

The total run biomass of Pacific herring Clupea pcilltrsi 111 the Togiak District of Bristol Bay was 
monitored for abundance and sampled for age, size, and sex data in 1989. Abundance was assessed 
by Alaska Departn~ent of Fish and Game pe~onncl flying aerial surveys £i-om chartered aircraft. 
Caminer~ial ciititch sziiplca wcrc zollcctcd & ~ m  purse seins a d  gilhet !an,&~gs. DtwLn_g closet! 
fishing periods, herring samples were obtained from testfish catches made by volunteers fiorn the 
commercial fleet and by department personnel using variable-mesh gillnets. A total of 8,575 
samples were coiJected and processed during the 1989 season. From 1978 through 1988, the tot31 
nm biomass ranged between 69,817 tonnes (76,960) tons and 219,810 tonnes (242,298 tons). The 
1989 nm biomass totaled 89,780 tonnes (98,965 tons). Poor weather conditions hampered aerid 
survey conditions resulting in potential underestimation of biomass. Hening age -4-1 6 were present 
in the population. The 1977 and 1978 year classes that recruited into the fishery in 1983 appeared as 
age -1 1 and -12 herring. These two year classes represented 38.9% o f  the biomass and 31.5 % of 
the population. The commercial fishery was dominated by the 1977 and 1978 year classes, 
comprising 47.0% and 40.0%, by weight, of the respective purse seine and gillnet fisheries. The 
significance of age-6 hening, representing 11.4% of the biomass and 16.9% of the population, as 
recruitment or a gesult of sampling bias, will determined in stock assessment of the rehuning 
biomass in future )ears. 

KEY WORDS: Pacific herring, Clupea pallasi, sac roe, spawning biomass, commercial herring 
fishery, Bristol Ray, Togiak District, age, length: weight, sex 
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INTRODUCTION 

Pacific hening Ci'upen pallasi are harvested in several spawning locations along the eastern Bering 
Sea coast from Norton Sound south to Port Moller. The Togiak District of Bristol Bay supports the 
largest discrete spawning biomass of Pacific hening in the eatern Eering Sea and in ,Uaskan 
waters. Biomass estimates based on aerial stlrveys have hem r.or?d~c.t~d "ice 1978. These 
estimates of the Togiak run biomass have ranged from 69,818 tonnes (76,960 tons) in 1980 to 
219,810 tonnes (242,298 tons) in 1979 (Table 1). From 1978 through 1988, the Togiak herring run 
biomass has averaged 121,466 tonnes (133,891 tons) and has accounted for 67.5% of the total 
documented nm biomass of herring assessed for the entire eastern Bering Sea coast (Lebida 
et.aI. 1985 a,b; Lebida 1987; Rowel1 1995; Hamner and Kerkliviet 1 994; ADF&G 1 995; Lebida and 
Sandone 1990). 

Herring spawn within the Togiak District from late ApriI to the end of May. After spawning, the 
herring leave the fishing district and migrate south, in a clockwise direction along the Alaska 
Peninsula to feeding areas near Unalaska Island. h August and September, these fish then move 
fiom feeding areas to overwintering grounds near the Pribilof Islands (Shaboneev 1965; Wespestad 
1982; Wespestad and Barton 1981; Funk. 1990; Figme 1). 

The largest fishery for ~ o g i a k  hening occurs during the inshore spawning migration. The most 
valuable product from this harvest has been the ripened ovaries or egg skeins, referred to as sac roe. 
The primary market for this product has been Japan. Commercial harvest of herring for sac roe was 
fixst documented in the Togiak District in 1968. Passage of the Fisheries Conservation and 
Management Act in 1976 and the resulting inability of Japanese fishermen to harvest herring from 
US,  waters prompted increased interest in the Togiaic: biomass by U.S. fishermen. This domestic 
harvest has since been caught by purse seine and gillnet gear. Average annual harvest through 1988 
was 14,846 tonnes (16,364tons). The greatest harvest of 22,092 tonnes (24,352 tons) was caught 
during the 1 983 season (Table 1). 

Brown algae Fucus sp, commonly know11 as rockweed, on which herring have spawned has also 
been harvested within the Togiak District. The wild spawn-on-kelp product has been harvested 
either by hand or d e .  P m i t  holders for the spawn-on-kelp fishery have been primarily local 
residents. The harvest, documented since 1967 has increased in recent years (Table 1). Average 
annual harvest from 1978 through 1988 was 140 tonnes (154 tom). 

During their post spawning migration Togiak herring have been intercepted by additional fisheries. 
A directed foodhait fishery has occurred during mid- to late summer months in the tJnalaska Island 
area. Catches were fmt documented on these feeding herring in 1929. Harvests reached a 
maximum of 2,727 tonnes (3,006 tons) in 1932. The fishery declined and ended completely by 
1938 due to poor market demand, but was renewed in 1981. The annual harvest since 1982 has 
averaged 2,472 tonnes (2,724 tons; Table 1). 



Incidental harvest of Togiak herring has occurred as bycatch in fisheries targeting groundfish in the 
southeastern Bering Sea. These groundfish fisheries were first exploited by foreign vessels but 
more recently have been dominated by domestic fishers. These fisheries have occurred along the 
migratory route of feeding herring (Funk 1990; Rowel1 et al. 2991). The additional harvest upon a 
my exploited herring population has been a concern brought before the North Pacific Management 
Council and the Alaska Board of Fishaies by western Alaskan fishermen. 

Togiak herring are managed as a single spawning population distinct from others in the Bering Sea. 
A maximum regulatory exploitation rate of 20.0% of the spawning biomass is set by the Bristol 
Bay Hening Management Plan, SAAC 27.865 (ADF&G 1989). This plan provides an allocation of 
1,361 tomes (1,500 tons) to the wild spawn-on-kelp fishery and 7.0% of the remaining harvest 
(after subtraction of the spawn-on-kelp harvest) for the Dutch Harbor foodhait fishery. The rest of 
the harvestable surplus, is reserved for the sac roe fishery: 25.0% for the gillnet and 75.0% for the 
purse seine fleet. 

Stock assessment studies of the Togiak herring population began in 1976 and have been 
documented annually since 1978 (rvllcBride et al. 1981; McBride and Whitmore 1981; Fried et al. 
1982,1982, 1983, and 1984; Lebida d al. 1985% 1985b; Lebida 1987, Lebida and Sandone 1990, 
Rowel1 1995; Sandone and Bramian 1990). As in past years the objective of this year's work was 
to document the age, size and $ex composition, as well as maturity of the commercial harvest, and 
to estimate nm biomass and spawning escapement of herring in the Togiak District. Tbese data 
provide the basis for development of population and forecasting models used to determine harvest 
strategies. 

METHODS 

Study Area 

The Togiak District is one of five fishing districts within Bristol Bay Management Area 'T'. The 
district consists of waters under State of Alaska jurisdiction between the longitude of the tip of 
Cape Collstantine and the longitude of the tip of Cape Newenham, a linear distance of 
approximately 193.2 km (120 miles; Figure 2). Because of its large size, the Togiak Fishing District 
is divided into six management sections (Kulukak, Nunavachak, Togiak, Hagemeister, Pyrite PohG 
and Cape Newenham). 

The shoreline is characterized by a wide intertidal zone and severaI shallow bays. Diurnal tidal 
range may reach 4.6 m (Selkregg 1976). Ribbon kelp Laminaria, rockwed Fucus and eelgrass 
Zo.~tera are the primary marine vegetation observed in the Togiak District. The spawn-on-wild kelp 
fishery has focused on the harvest of rockweed primarily in the Togiak, Nunavachak, and KuIrlkak 
Sections. Herring have spawned throughout the fishing district particularly in areas where eelgrass 
and rockweed have been present. Rockweed is the most visible species because it grows on cobble 
subsfxate Iocated within the intertidal area and upon rocky outcroppings. 



Herring are harvested for sac roe by gillnet and purse seine gear. During the 1989 season, gillnet 
gear could only be fished in the Kulukak and Nunavacha. sections, whereas purse seine gear could 
be only fished in the Togiak, Hagerneister, Pyrite Point and Cape Newenham Sections (5 AAC 
27.830, ADF&G 1989). 

Age, Weight, Length and Sex Data 

Data Collection 

Pacific herring were collected from management sections within the fishing district during fishery 
openings and closures. Duting closed fishing periods, volunteer commercial fishers made test purse 
seine or gllnet sets to capture hemng in each fishing section tlu-oughout the spawning migration. 
ADF&G crews fished variable-mesh gillnets if commercial purse seine vessels were not available 
to capture herring during closed periods it1 a given section. Thee gillnets were assumed to be non- 
selective so that catches would represent the entire size and age spectrum of the biomass. Variable- 
mesh gillnets were 30.4m (100 ft) in length, consisting of four 7.6m panels each, with a different 
mesh size. Panels were arranged by increasing order of stretch mesh size of 3 8 m  (1.5 in), 5 lmm 
(2.0 in), 64mm (2.5in) and 76mm (3.0 in).. 

Herring were also sampled at the closk of each commercial f i s h g  period fi-om tenders or 
individual fishing vessels for each gear t$pe and fishing section at the close of each commercial 
fishing period. Crews were instructed to collect samples fiom a minimum of five vessels for each 
gear type within each management section to ensure samples were collected fiom more than one 
school. 

Sex was determined and gonad maturity was observed for each herring by examination of the 
gonads or sex products. Maturity of both male and female herring was rated by the eight-scale 
guideline outlined in Barton and Steinhoff (1980). These categories were combined and reported as 
green, ripe and spent. 

Standard length h m  the snout to the hypural plate at the base of the tail was measured to the 
nearest millimeter with an attempted accuracy of 1.0 mm. Each hemng was weighed to the nearest 
gram. A scale for age determination was removed fiom the left side of each fish ffom 
approximately 2.5 cm behind the operculm and 2.5 cm below the lateral Iine. If scales were absent 
fiom this preferred area, seconday areas of selection were the preferred area on the right: side fish 
and finally, anywhere a readable scale was present. Removed scales were dipped in 10.0% mucilage 
solution, mounted sculptured side up on glass slides, and read by annuli interpretation using a 
microfiche reader (magnification 60x1. Herring spawning in the Bering Sea form an annulus at the 
end of winter (Shaboneev 1965). This timing was coincidental to the collection of samples in the 
spawning migration; thus, the outer edge of the scale was counted as an annulus. 



Sample Sizes 

The desired sample size of a muftinornial. population would result in an estimate that would 
simultaneously faU within 5% (a 4.05) of the true population age proportions 95.0% of the time 
(Thompson 1987). The sample size of 405 herring would w a n t e e  this levd of precision for the 
number of age classes represented, in this instance, with consideration of 10 ase classes (age -3-12). 
Ez~p!eo f r ~ m  nnn-se!ective gear ~epresenting the biomass were 405 per 3 day strata or 135 fish per 
day based on the time required to both collect and process the herring by field c a p s .  Time strata 
for the commercial harvest were 405 herring per day, area and gear type. 

Age, Weight and Length Data 

Age composition of the commercial harvest and total run biomass were estimated from herring 
collected fiom the commercial and test fisheries throughout the Togiak District. Only samples 
captured by non-selective gear (variable-mesh giII.net, purse seine or dipnet) were used to determine 
age structure of the population and run biomass. The percent age composition by number for each 
age class Pa was estimated for samples fiom each gear-the-area stratum for samples &om both 
fishery and non-fishery samples: 

where nil equals the number of herring in the sample that were age a and n equals the total number 
of hesing in the sample. 

The mean weight-at-age, W& for herring was estimated for each gear-time-fishery stratum by 

where Wai equals the individual weight of herring in the sample n that were age a 

The mean length-at-age was calculated by substituting the individual length Lai of hemng for the 
individual weight Wai. Length- and weight-by-age data &om nonselective gear types (purse seine, 
variable-mesh gillnet) were pooled to represent the mean length and weight of the entire population. 



Commercial Harvest 

Fish tickets (sales receipts) were completed by processing companies and buyers for each 
commercial delivery of herring and for spawn on kelp, Copies of aI1 tickets were returned to 
ADF&G where personnel edited and entered the information into a database. The database was 
verified against each fish ticket. Harvest data by product, gear type, harvest date, and fishing 
section were snmmarized was ,c,~mmari.zed for the 1989 season. Estimates nf wgte nr Cliscaded 
herring were obtained fiom aerial estimates of discarded herring ox processor reports. Estimated 
waste was included in the fish ticket database. 

The weight of the wild spawn on kelp harvested was converted to the equivalent number of adult 
hem'ng required to deposit the quantity of eggs harvested. This infomation was documented in the 
annual management report for Bristol Bay (ADF&G 1990). 

Biomass Estimation 

The run biomass for Togiak District was estimated using aerial survey assessment procedures 
outlined by Lebida and Whitmore (1985). Aerial surveys were flown daily, weather permitting, at 
low tide, to estimate herring abundance. Each managment section was divided into index areas to 
facilitate survey documentation. Aerial survey esti&ates for each index area were surnmed to 
provide biomass estimates for each management section by day. Biomass estimates of these 
management sections were, in turn, summed to provide the observed districtwide biomass for each 
day. 

The migration of herring between management sections within the Togiak District is not well 
w~derstood. Residence time of herring within the district or rate of m o v e r  for the biomass on the 
grounds is unknown. Age and maturity data from the herring samples collected by nonselective 
gear were pooled across management sections to determine any tempord trends in age composition 
or maturity for the entire fishing district that would indicate immigration of new herring into or 
emigration of spent hemng out of the fishing district. 

Age composition by weight of both the cornrnercia1 harvest and of the appropriate daily biomass 
data for each age class was estimated by 

Where Ba equals the biomass for age a, n, equals the number of herring in the sample that were age 
a, Wn a=l equals the mean weight for herring of age a, and B is the total estimated harvest 
expressed as biomass or daily biomass estimate. 

Age composition of the waste or deadloss (i.e. hening caught, but not sold) was represented by the 



age composition for the same gear type in the comnlercial fishery. 

The composition by age and in numbers of fish, Na, for each component was then calculated by 

Where Nn equals the totaI number of herring in age class a, Bn is the biomass for herring age a and - w, 1 is the mean weight of the fish at age a. 

The run biomass, BtOL was calculated from the daily biomass estimates by summing the biomass by 
each age class and management section eom the selected daily aerial surveys that corresponded 
with changes in the age composition and gonad maturity data. To prevent double counting of 
herring, the biomass by age of herring age -6 and older observed during the first peak survey 
biomass estimate B ~ I  was added to the ase-5 and younger component of the second peak estimate 
Ba2, 

The inshore escapeinent biomass Eta is the summation of the difference behveer, the mn biomass 
Cp for each age, and the combined purse seine and gillnet harvest for each age C,: 

RESULTS 

Age, W8ight and Length and Sex Data 

Biological data from 8,575 herring were colIected in the Togiak Fishing District (Table 2) by purse 
seine, commercial gillnet, and variable mesh gillnet. Data were collected from 1 May through 23 
May. Regenerated or unreadable scales composed 13.3% of all scale samples. The percentage of 
unreadable scales from commercial purse seine smpIes was higest at 16.1%. Unreadable scales 
comprised 15.6% of the commercial gilhet samples and 13.3% of the test purse seine samples. 
Variable-mesh gillnet samples had the smallest percentage of unreadable scales (12.5%). 
Readability of hening scales is dependent on the location of the body fiom which the scales have 
been removed as well as regeneration caused by scale loss. Because the opportunity for injury or 
scale loss would probably increase a s  hemng grow older, the proportion of unreadable scales would 
be expected to increase with increasing age a d  size. However, mean lengths for unaged samples 
were similar to those for the aged samples (NSC), indicating that readable scales were 



representative of the entire sample (Appendix A). 

Hening aged 3-16 were collected ffom both the run biomass and the commercial harvest (Table 3). 
The temporal change in age class struchtre of the population was evident in the age composition of 
colIected samples (Table 4; Figure 3). The proportion of herring age-9 and older composed 72.4% 
of the samples collected iiom nonselective gear during the early sampling period 3-9 May, 
decreasing to 35.2% during the period of 22-24 May. Conversely: the proportion of age -3 thmugh 
-5 herring present in the samples increased fiorn less than 2.1% during 3-9 May to 23.0% by 22-24 
May. The proportion of age -6-8 herring sampIes h m  25.5% during the 3-9 May sampling period 
to 41 3% for the 22-24 May period. 

Length-at-age of a11 samples coIIected ranged fiom 193m(age-5) to 340mm (age-12) and weight- 
at-age ranged fiom 76g (wageable) to 672g (age-14). The mean length and weight of herring firom 
samples representing the totaI run biomass were 287rnm and 335g, respectively (Table 5). 

The ratio of males to females was variable in the daily samples for test commercial puse seine and 
test variable mesh gilhet. Samples &om these two geartypes combined with samples collected from 
the commercial purse seine fishery represented the biomass. ,The cumulative ratio of males to 
females fkom all samples collected by test commercial purse seine was 1.0:1.3, and for variable 
mesh gillnet, 1.0:0.8 (Appendices A, B). 

Commercial Hurvest " 

A total harvest of 11,121 tonnes (12,259 tons) was landed within the Togiak District (Table 6). The 
purse seiiie fleet caught 8,541 tonnes (9,415 tons), or 76.8% of the inshore harvest. The gillnet fleet 
caught 2,580 tonnes (2,844 tons), representing 26.2% of the season's total catch. Deadloss of 82 
tonnes (90 tons) was included in the gill.net harvest. 

The Hagemeister fishing section accounted for the greatest portion of the season's purse seine catch 
(55.4%). Lesser harvest was documented in the Togiak [29.8%), Pyrite Point (3.7%) and Cape 
Newenham (0.3%) fishing sections. The gillnet fishery was res~cted to the Kulukak and 
Nmavachak fishing sections by regulation. Total giI,I.net harvest was similar for both sections with 
respective catches contributing 57.0% and 39.6% of the catch (Table 6; Figure 4). 

The combined roe percent of herring caught by both gear types.was 8.4%. The cumulative sex ratio 
of males to females in the purse seine fishery was 1.0:0.99 and in the gillnet fishery, 1.0:0.71. Mean 
weight for purse seine caught herring was 378g The weight of gill.net caught fish averaged 3689 
(Table 5). 

Sample sizes of herring collected for age composition analysis of the purse seine and gillnet catches 
were consistently below the desired gods (Table 3). Herririg age-9 and older composed 65.4% of 
the commercial purse seine harvest by number and 73.6% by weight (Table 7). Age groups 7-8 
contributed 19.1% by number and 16.7% by weight. Herring aged and younger represented 16.5% 
by number and 9.7% by weight of the purse seine harvest (Table 7; Figure 5). 



Herring age-9 and older represented 60.3% of the gillnet harvest by number and 68.4% by 
weight. The age 7-8 component composed 30.2% of the harvest by number and 25.7% by weight 
(Table 7; Figure 6). Herring in the age-6 and younger category of gillnet catch samples was 9.5% 
of the harvest by number and 5.8% by weight. 

The first herring of the season was caught in BDF&G test gillnets 1 May, but fish schools were not 
observed from the air until 5 May. Significant biomass first appeared in the Togiak and 
Hagemeister fishing sections (Tog, Hag, Tng survey index areas; Table 8, Figure 7). The biomass 
accumulated into the fishing district gradually. Peak biomass observation of 60,138 tonnes (66,290 
tons) was documented 9 May. A second peak in abundance totaling 44,369 tomes (48,908 tons) 
was observed 13 May. Inclement weather prevented aerial assessment of the herring biomass after 
14 May. A biomass of 23,277 tomes (25,658 tons) was observed during a final and districtwide 
aerial survey 24 May. 

Miles of spawn observed during the 1989 season totaled 32.6krn (52.5mi) for all fishing sections. 
Poor visibility due to increasingly poor weather conditions Wted documentation of spawning 
activity. The peak daily observation of spawn (8.0km,12.9rni). was documented 10 May (Table 8, 
Figure 7). 

It was apparent to the ADF&G management staff that the 1989 aerial assessment of the herring - 
biomass would be an underestimate of the spawning migration .into the To@& District. Poor 
weather inhibited the opportunity to fly surveys, and created agitated water conditions, preventing 
observation of hening schools from the air, when flights could occur. Test fish crews at ADF&G 
field camps were able to catch herring despite poor weather. Continuous presence of herring in the 
test gillnets during these bad weather periods indicated that fish were moving through the district 
but were not being documented. At the management staffs request, age and sexual maturity data 
were examined for trends in population structure during the spawning migration into the Togiak 
District, to @rove the illustration of herring abundance. 

Changes in gonad maturity and age composition (Table 4, Figure 3, Appendices A, B) indicated 
shifts in population structure between aerial surveys conducted 9 May, 13-14 May and 24 May. 
ADF&G staff performing aerial surveys determined that herring observed on the east side of the 
fishing district on 13 May were distinct fiorn those observed on the west side of the District, 14 
May. These individuals also determined that these two surveys could be summed to represent one 
districtwide assessment of baing abundance for this two daypeiod. 

Residence time of the fish once they amass into the fishing district has been poorIy understood. It 
would be possible that herring observed 9 May were still in the fishing district 13 May and 
therefore double counted when adding peak survey observations. This problem was addressed by 
breaking the biomass into age components and summing together the biomass for herring age-9 and 
oldu for the 9 May aerial survey biomass with the age -4-8 biomass for the 15 May aerial survey 
(Tables 8-14; Figures 8-1 0). 

The revised estimate of total run biomass was therefore the sum of three components: I) aerial 



survey biomass for 9 May weighted by age composition data for herring age -8 and older from 7-9 
May (55,488 tonnes, 61,156 toas); 2) aerial survey biomass for 13-1 4 May weighted by age 
composition data for herring age 4-7 &om 13-1 5 May (1 1,023 tonnes, 12,15 1 tons); and 3) entire 
aerial survey biomass for 24 May weighted by age composition data fiom 22-24 May (23,277 
tonnes, 25,658 tons; Tables 11-14, Figures 8-10). 

The revised run hiomaqs estirnafe totaled 59,780 tnsme!: (98,965 tnns), rqrese~ting 258.5 , ~ E C Z I  
herring (Table7)). Hering age-9 and older comprised 65.3% of the biomass and 54.5% of the 
population (Table 13, Figure 11). The 1977 and 1978 yea. classes appearing as age -12 and -1 1 
herring represented a major portion of this older biomass, contributing 38.9% of the total run 
biornass and 3 1.5% of the total population (Figure 11). 

Appearance of the 1979, 1981 and 1983 year classes in the 1989 biomass was also notable. The 
2979 year class a s  age -1 0 herring represented 18.1% of the biomass and 16.0% of the population. 
The 1981 year class as age-8 herring followed in magnitude representing 14.5% of the biomass and 
14.8% of the population. The 1983 year class as age -6 hening represented 1 1.4% of the biomass 
and 16.9% of the population. 

DISCUSSION 

The Togiak herring nm biomass totaled 89,780 tonnes (98,965 tons).The ektimated biomass for all 
herring districts monitored in the eastem Bering Sea was 130,331 tonnes (143,664 tons; ADF&G 
1995, Harnner and Kerkvliet 1994). Togiak herring comprised the largest component (67.5%) of the 
entire eastern Bering Sea biomass (Figure 12) during the 1989 season. Herring age -9 and older 
dominated the Togiak biomass (65.3%). Herring age-6 and younger represented 16.7% of the 
biomass. Poor weather conditions inhibited aerial surveill;ince of the hening migration during the 
1989 season. It is highly probable that the total run biomass for the Togiak population was 
underestimated 

The 1977 and 1978 year classes have been supporting the commercial fishery since recruitment into 
the biomass in 1953. Contribution of these age-classes continues to be significant to the population 
and to the fishery. Combined, these year classes represented 38.9% of the total run biornass and 
45.5% of the commercial harvest. Focusing the fishery on the older, larger herring is a desirable 
policy because older herring experience decreasing survival rates due to increased age (Fried and 
Wespestad 1985; Baker 1991) and would otherwise be eliminated ffom the biomass by natural 
mortality. Secondly, older hening have 
greater roe recovery due to their larger size (Brannian and Rowel1 19911, technically benefiting the 
industry with a better quality product . 

Adding components of aerial s w e y  biomass to create a total run biomass estimate based on 
migratory patterns observed during aerial assessment has occurred in past yeass. Adding 
components of the aerial survey data, based on post season analysis of age composition and sexual 
maturity data was attempted for the first time in 1989. This more recent methodology increased the 
estimate of total run biomass 33.0% above peak aerial survey biomass estimate of 60,138 tons 
(66,290 tons). The impo~tance of the field camps was emphasized during the 1989 season. Field 
crews were able to catch herring that provided a good sequence of age data and verified the 



presence of hening in the fisbing district during the lengthy periods of paor weather. Weather 
conditions prevented the fishins fleet &om testfishing and providing equivalent samples as an 
alternative. 

Temporal changes in age composition were sipfieant for samples collected fiorn non-selective 
gear during the 7989 season and were consistent with changes observed in pervious years (McBride 
etz1.1981, Fried et-al., 1982, 1983, 1PX4). Tn agportioning aerial survey biomass data with age 
composition information for the purpose of revising the total mu biomass estimate, herring samples 
should be collected simultaneousIy (as logistically feasible) with the aerial survey infomation in 
consideration- Attention to this detail best assures the age composition of the biomass be 
appropriateIy represented for a specific time period. 
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TabIe I. Historical total run biomass and commercial 
hanrects (toimrzs) of Pacific herring retlrrni~lg 
to t l ~ e  Togid< District, Bristol Bay 
(1968-1 989). 

Dutch Harbor 
Totd Run Togiak Sac Spawn-on- Food/Bait 
Biomass Roe Hwvest Kelp ffarvesr Hmest 

Year (tonnrs) '"tonnes] ' (tanncs) ' (tonnrs) ' 

Mean 121,466 14,846 140 2,472 

" Data not available prior to 1978 
b Source: Brannia~l and Rowell 1989, 
" Source: Sandone and Brannian 199O., 1980- 1987; 

ADF&G 1990, 1968-79; fish ticket receipts, 1988,1989. 
' Sonrce: ADFSrG 1995; catches documented since 1929. 

Fishery did not occur between 1946 and 1980. 
No fishery conducted 
'Mean calcufated for total run biomass: sac roe and 

spawn -on-kelp harvests are years 1978- 1992 
Dutch Harbor food/bait harvests for years 1983-1 993. 



Table 2. Niurrbrr ofsanlples collected kuid aged, by gear 
type during the 1989 Togid; herring scasun. 

No. No. 
Readable Unreadable Percent 

Geartype Samples Sunpies 'I"otal Unreadable 

Co~~lrnercial Purse Seine 1,862 273 2,135 12.8 
Co~nmercial G iIInet 1,304 265 1,569 16.9 
Test Commercial Purse Seine 1,541 207 1,748 11.8 
Test Variable-Mesh GilInet 2,727 396 3,123 12.7 

Total 7,434 1,143 8,575 13.3 



Table 3.  Achieved sample sizes cornpared to sampling goals for data applied to 

the fuul age composition malysis of t l ~ e  1989 totaI mil bi~i~lzss and 
coinlnercial lzarvest. 

Fishing S~mple (Tl~om~son 1987. A $e 
Dxtr Section Size 405/stmra)" Rnnpe 
Aciiai Y u r * q  Kstimiiii.~ 

- 

(R-May Iiulukak 
Nunnvachak 
Togiak 
1.litgerneistrt 

1 ? -My K ~ I u k d i  
Nunavachnk 
Togiak 
Ha~cmeister 
Pyrite Point 
Cape Nc:venham 

24-May KLIILI kirk 
TogiakIHngcmeistrr 

Cu~i~rncrciztt Fishery 

12 May Purse Seine 
Togiak 
Hagemstrr 
Pyrite Point 

I3 May Purse Seine 
Togiak 

. Hagcmeisrer 
Pyrite Poitlt 
Cape Newetrharn 

9 May Gill Net 
KuIuk~k  
Nunnvachnk 

14 May Gillnet 
Kulukak 
Nuaavactchak 

"Time stmln br agr data wciplitrd 11): nerial survey data @r tsti~i~rtioa of totnl run biom:lss 
was three clays \-;ad by fishing period for the commercial l~arvast analysis. 

Si~nple sizes ~nny diffcr sli$htly for tile preliminary dara used in bionlass estimates. 



Table 4. Trinporai change Ill age colllpositicln (by number) 
of samples collected from aon-selective 
gear in the Togiak District, 1989. 

Age Group 

Size Date 3 -5 6-8 9 +" 
1,168 5/03-09 3.1% 25.5% 72.4% 
2,OO; 5/10-13 4.8% 27.5% 67.494 
1:229 313-15 7.4% 3 1.9% 60.7% 

373 5/16-18 15.8% 46.9% 37.3% 
1,156 ji19-21 20.8% 45.6% 33.7% 
I96 5/22-24 23.0% 41.8% 35.2% 

Total 6,125 

" Includes age 9 through 16. 







Table 7. Age composi~ioil estimates by ilumber and weight (taru~es) of the commercial harvest, 
escapement bionlass, and total run biomass, ~ o ~ i a k  ~ i s t r i a  1989. 

'Total Run Bio~nass Comn~ercial Purse Seine flnrvcst Comrncrciai Gillilu Harvest .- 

Bionlass Percent No.ol'Fish Percent Bioli~rus Percent No.oPFish Percent Biomass Percent No.of Fish Pcr.cent 
Age (tonnes) by Wcight (~1,0001 by No. A p  (tonnes t by N;:'righl (~1,000) by No. Age (toones) by Wcighl (x 1,000) by No. 

1 0 0.096 0 O.O?'o I 0 0.0% 0 0.0% 1 0 O.OD/b O'-TE 
7 
& 0 LI.LIS0 0 0.0% 2 0 0.0% 0 0.0% 2 0 0.0% 0 0.0% 
3 0 O.OSL o 0.0% 3 0 0.0% a KO.;, 3 0 0.0%~ 0 0.0?.b 
4 37 0.0% 236 0.19/0 4 5 0.1% 3.1. 0.2% 4 0 0.0% 0 0.0% 
5 4,682 5.2% 24,872 9.676 5 348 +. 1% 1,716 7.6% 5 7 0.3% 37 0.5% 
6 10,241 1 I .B% 43:642 6 9  6 376 5.6% 1,993 8.8% 6 143 5.5% 61 8 9.0% 
7 3,165 3.5% 10,671 4.1?,6 7 24 0 2.8% 820 3.65'. 7 108 4.2% 387 5.h1% 
8 73,016 145% 38,308 i4.8?6 8 1:187 13.9% 3,507 15.4% 8 556 2 6 1,693 24.6% 
9 4,820 5.4% 11,733 4.956 9 502 5.9% 1,334 6.0% 9 2 0s 8.1431 557 8.t'l.'o 
10 16,287 I ?  41,391 16.0% 10 1,513 17.796 3,689 16.2% 10 440 17.1% 1,066 15.5'3L 
1 I 21,044 23.4% 50,465 19.5'36 I I 2,273 26.6% 5,241 23.1% I 1  646 25.0% L,4!16 21.7% 
12 l3gZZ 15.5% 30,905 12.05b I2 1,744 20.4% 3,822 16.8% 11 396 15.3% 872 IL.7?C 
I3 1,320 1.5% 1,849 1.1% 13 I12 1.3% 249 1.1% 13 20 0 . m  45 9.7% 
14 946 l . l %  1,743 0.7% 14 108 1.3% 222 1.0% 14 39 1.5% 76 1.1% 

15+ 299 0.351 663 0.356 l5+ 3 1 0.4% 65 0 . 3 % I j +  17 0.€io/L 34 0.59'0 

-- 
Total 89.780 100.072 258:480 100.0% 8,540 100.0'4; 22,713 100.OU! 2,580 100.0% 6,861 100.05'0 



Table 3. (Conrinued j 

Turn1 Comnirrcinl Hnrvrst Rinmass Escnpenleat Biomass 

Bio~ness Percent No.of Fish Pcrceiit Biomass Percent No.urFish Percent 

.4gr (Tc:r~:rs) by Weiglit (~1,000) lry No Age (Tonnes) by Weight (~1.000) by Nu. 
I (1 U.O% 0 0.0'36 I 0 0,u:'i 0 0.0% 
z o 0.0% o 0.0% 2 0 o.o% o 0 . 0 ~  

3 0 0.0% 0 0.0S'D 3 0 0.ooc 0 0 0% 
4 5 0.0% 34 0.196 4 22 0.0% 202 U. l ?t 
5 355 3.2!*6 I I , 7 f  5.9?6 5 4.327 .. .o 23.119 ID. 136 j ill' 

6 6tS 5.6% 2.61 I 8.8% 6 9,624 12.2% 41.030 17.9% 
7 348 3.1% 1.208 4.1% 7 2.817 3.6% 9.163 3.19'0 
8 1.744 15.7% 5,700 17.6% S 11.283 1 .  53.108 14.5'3 
9 710 6.4% 1,9I 1 6.5% 9 4.1 I0 5.2% 10,822 4.7% 

10 1 .YS3 17.6% 4.755 16.1% I0 14.334 18.7% 36.636 16.0% 
I 1  2,919 26.2% 6,737 22.8'3% t l 18.125 23.0% 43,728 19.1% 
12 2.130 19 2% 4.693 15.9% 12 11,781 15.0% 26213 I 1.5% 
13 132 1.2% 294 1.0% t3 1,188 1.5% 2,555 1.1% 
I4 I47 1.3% 299 10% 14 799 1 .O% 1,444 0.6% 

IS+ 48 0.4% 99 0.3% 15+ 23 1 0.3% 566 0.1% 

Total 1 1,120 100.0% 29.594 IOU.U% 78,660 100.0% 228,886 100.0'!'0 



Table 8. Obse~lred aerial bioliiass estilnates of Ilel~ing by index area (tons), and totals by day (tons, tonnes) during the 
1939 season: Togiak District, Bristol Bay." 

Mitt  

C%rct\.ations Esrinirrcd Bionnu by Index Area ( s l ~ ~  tnlrs) Daily Tv1i11 

Date Cotidtdunr Surveyed NII. Leoglli NUS KUK ~ J E ' T  NUE UGL TOG RIG hlTG HAG OSR PYI1 CN (vtca) (ruanes) 
hlilcs liilometws - 

-I.lO-i!W Fair-Esccl 0 0.0 0,D 0 0 0 0 0 0 0 0 0 0 II U 0 0 

Fair 

Fnic 

Fail-Good 

Fair-Pow 

Fnic-Good 

Poor-Fnir' 

Fog 

Pwr 

Fair. 

Poor I030 





Table 9. Age composition estimates af tlie cominercial purse seine l~arvest 
~veig!zted by the harvest bi~mass (to~ults), by date and iislhg 
section, Togiak District, 1989. 

Snmpliog Dales: 12 May Sanpiing Dates: 13 May Tncai PLIYSC Seilie Hurvest 
Section: C.Nharn, Tog, Hag C.Pnrse Seine Section: Tog. Hag, Pyrite Pt. C.Nllan1 C.P.S. Combined Areas and nstes 
Uiamuss: 5 ,  IU3 tonnes Biomass: 3,437 tonnes Biomass: 8.540 tonnes 

No. of Percent No.of Fish No. of Percent No.of Fish No.of IJercent No.of Fish 
Age Sil~l?ples by No. lXI0OOl A.@e Samples hy No, (XIO(lO1 Age Samples by No. (XI 000) 

I 0 0.0Yl 0 1 1 0 I Il.0oib U 
7 o 0. OW o 1 0 0.0% o 2 a o.ot!.:, o 
j 0 0.076 0 3 0 0.0% 0 3 0 0.0?/a 0 
4 I 0. I% 14 4 7 0.3% 20 4 3 0.26 34 
5 67 7.0% 944 5 76 8.3% 772 5 143 7.7% 1,716 
6 73 7.7% 1,029 6 95 10.4% 965 6 168 9.0% 1,993 
7 33 3 5% 465 7 35 3.8% 3 7 68 3.6% 820 
8 148 15.6% 2,085 8 140 l5.3?6 1.422 8 288 15.4% 3.307 
9 68 7.2% 958 9 3 9 4.3% 396 9 107 5.7% 1.334 

10 158 16.6% 2,226 10 144 15.7% 1,462 10 303 16.2% 3.689 
I !  317 22.8% 3,058 I I 215 23.4'36 2,184 1 1  431 13.1% 5,241 
I 2  I66 17.5% 2.339 12 146 15.976 1.483 12 312 16.7% 3,813 
13 9 0.9% 127 I3 12 1.3% 121. 13 2 1 1.1% 249 
I I 10 1.1% 141 14 8 0.9% 81 14 18 1.0% 223, 

1 s t .  1 0. I %  14 15+ 5 0.5% 51 l5+ 6 0.3% 63 
Total 5 I 100.0% 13,401) u 

Percent by Percent by Percent by 
Agc Wrisllt Weight Biomass Age Weight Weight Biomass Age Weight Weight Biomass 

f 0 ~.wb 0 1 0 0.0%~ 0 I 0 wY!h 0 



'Table 10. Age col~ipositio~l estimates of rhe cormnercial gillnet i~al-vest 
cveigl~ted by the harvest biomass (tomirs), by dste and fishing section 
Togiak District, 1989. 

Sampling Dates: 5, May Sampling Dates: 13 May Total Gillnet Harvest 
Srclion: Kul. N L ~ .  C.Gi1lnet Section: Nunavmh~t ;md Kuluknk C.Gnct Combined A~ra and Dates - - .  
Biomass: 2.477 tonnes i3iomilss: 103 tonlles Biomass: 2.580 tolines 

No. of Percent No.of Fish No, of Perctnr No.of Fisii No.of Perce~~t No.of Fish 
Age Snlltples by No. (X i00fl) Age Su~nples by No. (5; 1000) Age Sntlples by No. (X 1000) 

I 0 0.0% 0 1 (1 0.0% 0 I 0 lI.OY0 0 

Percelrt by Percent by Percent by 
Age Weight CC'tight Eliua~ss Agc; Wcighl Wright Bionlass Age Wright Weight Biomass 

1 0 O.U% 0 I 0 0.0% 0 0.0'!'0 0 0 1 
2 0 0.0% 0 2 0 0.0% 0 2 0 0.0% 0 
3 0 0.0% 0 3 0 0.0% 0 3 0 0.0% 0 
4 0 0.0% 0 4 0 0.0% 0 4 0 0.0% 0 

3 633 0.3% 7 5 431 0.2% 0 5 1,074 0.2% 7 
6 11.254 5.5% 137 6 12.487 5.8% 6 6 24.741 j.G% 143 
7 9.307 4.2% 104 7 8.226 3.8% 4 7 17.332 4.0% 1 08 
X 48.301 21.8% 539 8 36,262 16.8Yn 17 8 84.564 19.3% 556 
9 17,937 8.1% 200 9 16,586 7.756 8 9 34,523 7.9?6 208 
10 37.913 l7.196 423 10 26,116 16.7% 17 10 74,030 16.9% 340 
1 I  55.163 24.8% 615 1 1  64,516 19.9% 3 I 11 119,679 27.3% 646 
11 34.160 15.4% 381 I2 31.272 14.5% 15 12 65.432 14.9% 3 96 
13 1,553 0.7% 17 13 5,338 2.5% 3 13 6,891 1.GOru 20 
IS 3.248 1.3% 38 14 3.511 1.6% 2 14 6.878 1.6% 39 

IS+ I ,434 0.6% 16 lj+ 1,123 0.5?4 I IS+ 2,557 n.c,n 17 
Total 111.1)43 108.O% 2,477 215,858 100.0% 103 437.903 t OO.O% 2.580 



'Table I I .  Age conzpositiw esliinates for sampling stratum 7-9 May, weighted by 9 May aerial survey biomass 
(tonnes), by fishing section, Togiak District , 1989. 

?iamplrng L)Rtey 1-9 May Sanipl rng Ijates: '1-9 M y  SRlnllllllg IJates: 1-9 May Samplllig Dales: /-Y hloy 
!;rclion. Kulnkali Section: Nunavachak Seuion: Togiak Seaion: Ha_een~eisrer 
l3iotnrss: 4 ) b  1011nes Biooiws: 3,031 tonnes Biornass: 3 1,569 ~annes Biomass: 15,122 innties 

Bo, 01 laerceirt No.01 t nli No. of Percent No.01 1-rsh No. ot Percent No.ot tah Nu. 01 IJercent Na.ot l-lsll 
Age Samples by No. (XI0001 A p  Samples by No. (X1000) Age Sa~iiples by No. (XI0001 Age Samples by No. iS1000) 

1 0 u.4.l?'6 U 1 0 U.OYm U I U 0. i?/o U 1 IJ U.\l?; I J  
z o u.a?,; o 1 a 0 . 0 ~ ~  o 2 o O.OS~ 0 .. 1 o 0.0~1 (I 

3 0 0.0% 0 3 0 0.0% 0 3 0 0.0% 0 5 0 0.05, 0 
4 0 O.W.6 0 4 0 O.OS/p 0 4 0 0.Uolb 0 4 0 0.0% 0 
5 S 2.8% 30 5 0 0.0% 0 5 12 2.5% 1,800 5 4 1.9% 563 
6 i 4  4.9% 53 6 2 1 ,654 110 6 45 9.5% 10,500 6 14 5.2% 1,97l 
7 Z 0.795 8 7 0 0 0% 0 7 I I 2.3% l:567 7 S 3.Og!:h I - l2h 
Y 58 204% 219 S t 6 12.7% 882 8 84 17.8% 19:600 8 45 16.7% b=U4 
9 21 7.40/:r 79 9 7 5.696 386 9 24 1 5.600 9 22 8 3,097 

I0 5 l 17.9% 195 t O  20 15.9% 1,102 LO 88 18.6% 10,533 10 7-7 26,Si!i1 10,134 
11 8 1 28.4% 306 1 1  54 42.9% 2,975 1 1  117 21.7% 27,300 I t  64 23.89& 9.00K 
1 I 37 \3.0% 140 12 25 19. S% 1,377 11 80 16.90,; 18,666 I? - J J  - 11.3Ti 4-645 
13 6 2.1% 23 13 - 7 1.6% I10 I3 6 1.3% 1,400 13 4 1.5% 563 
14 4 1.39i 15 I4  0 0.0% 0 I4  5 1.1% 1,167 14 - -I 0.75t 1x2 

1 5+ 3 I.lY/i 1 1  IS* 0 0.0% 0 l5+ 1 0.2% 2;; I5+ 1 0.4% 141 
Toral lX> I UU.UYo 1,011 126 I W.UYO 6,YIZ 1 1 3  IOU.Wfo 1 IV.jb3 l otal Lh!J loo.unb 3 1.8621 . Percent by Percent by IJercenr by lJerceni 0)- 

- AF Weight Weight Biolllars .9gr Weight Weieiglu Bioltlsss Age Weight Wcighc Biornsss Age Weight Wcighr Biomass 
II u.up/0 0 I I) U.U% U I U U.UY0 u I II U.U'%t LI 

7 - 0 0.0% 0 2 0 0.0% 0 2 0 0.0% 0 2 0 0.0% 0 
3 0 O.09h 0 5 0 0.0% 0 3 D 0.0% 0 3 0 O.O%S 0 
4 0 0.0% 0 4 0 0.0?6 0 4 O D.O?io 0 4 0 0.6%> 0 
5 1,419 1 .;I% 6 5 0 0.0% O 5 t,821 I.176 469 5 785 0.8%. 1 2  
6 3.137 3.1% 13 6 588 12% 36 6 9,613 5.9% 2,172 6 3,171, 3.34. 492 
7 513 0.5% 2 7 0 0.0% 0 7 3,941 1.8% 736 7 1$63 1.9% 289 
8 18,342 1 S.3?4 76 8 5,588 I 1.2% 339 8 2j254j Ij,g% 6,570 S 11,157 14.7%. 2,225 
9 6,300 6.3% 26 9 2,610 5.2% 159 9 8,329 5.2% 2.142 9 7,713 7.99; 1,197 
10 I8,530 18.5% 77 10 7,711 15.5% 468 10 30,797 19.1% 7,921 10 27,376 28.1% 4,248 
I1 31,353 3 1.4% 131 I t  21,917 44.096 1,333 1 1  44,147 27.3% 11,353 11 24,1171 25.59; 3,859 
12 13,039 L 5.0% 63 12 10,523 21.1% 639 12 32,920 20.4% 8,467 12 14.099 143% 2, IS7 
13 2:3W 2.5% 10 13 910 1.9% 57 13 2,650 1.69L 682 13 1,696 1.7% 263 
I4 1.680 1.7% 7 14 0 0.0% 0 14 2,461 1.5% 633 14 1.101 1.1% 111 

Is+ I 3 7 3  1 .44L 6 i5+ 0 0.0% 0 IS*  394 0 2% 101 l5+ 419 0 4% 65 
1 otaf 99,986 100.W 416 4Y:W I lilu.u?'u j:\) 11 NU.uU/u 4 1 3 "  Yl;lb~ loo (1% I >.ILL 



.pepnpu! luewssesss h€?lI!U!la~d u! Aaqsy 
eu!as asmd aylol papo3s!w Gu!l~ay lo suol (WZ) sauuol t8~ pue ha~lsy au!as as~nd le!3~auuo3 dew pl. aql uoll lsanreq leprawwo3 

'p!qs!p Bu!ys!~ ayj 6u!~a$ua ssewo!q Mau aq oi pa~eadde bu!~~eq asaq ieq1 ~oAaruns le!Jae 

GtZ ?.$ Z. I LSZ'c t;l t S'oZ'O OL I Pi 0 #0'0 0 tl 99 %SO 6TE tl 
PIE 95.9' I 9SLs9 €1 9Z 96 L.1 811'1 El 0 %WO 0 El ZL %9 0 98 C El 
t~9'b %.8'EB 969'001 El LZZ %L'h LZ6'6 Z1 C6P'b 961'81 CSZ'Z 21 t~g'l %O tl f~E.6 ZI 
E0L.S '!h.P'9Z 6LO'ZIl 11 P85 ?.bI'SZ LZE'GZ 11 962'9 %Vrz ~1% I I 0lt'~ %z'~z OZS'L~ I 1 
OPV'E %&'8 1 flt'8~ 01 06Z WE'ZI 6L9'21 01 ZBZ'L 962'6 6t.1'1 01 FO~'Z %Z'8! 09~'tl 01 
L65*I ?4r 1 '8 86E'+E 6 Vl I 966.1: C66't 6 09tr $66 I IEZ 6 CiL %5'5 659% 6 
9ES'S ?/.LYE 1 ~QO'EE 8 C6€ 946'91 ZLI'LI B LPL'S %I11 ~88'1 8 [CO'Z %YSl 98£*01 8 
LEC ?BL'Z t9Fll L 91 I %Q'C 6~0'5 L 16t %O'Z LbZ L 6E5 %I't OLlcT L 
TCC 46L'E I-9t;'ll 9 TIE ?,&S'EI 6cL'El 9 ZZt't %8'Lt EZt'Z 9 115'1 %9'li C9L'L 9 
t~t %,t' I XQS'G c 952 9b0'11 691'11 5 I~L'I YOO-L 088 s SLZ %l'z clt.'~ r 
i) M10'0 0 t 9 thE.0 9LZ tr 0 ?'a0 0 0 P 0 %PO 0 t. 
13 ?'irO'O 0 E 0 ? bO'O 0 E 0 Oi,W 0 0 E 0 ?4JO'O 0 E 
0 ?<,a-o u e o ?'a00 o -i o WO'O o z o %o'o o - C 

n ~~0.0 1) I o %0'0 o 10 5' 'I 0 10 vnwo o I 
ssau~o!~ n@q+\ a SSEU~O!~ ,q8!afi 1q5!a~ a~y rseuio!g l$!:,y, a azy sseiLio!a I~Z!~M ~rp!a.fi av 

,iaq 1ua3~3,[ .Cq lua~~ad .(q luaxad .it1 luoJJad 
goshti ao'nnr P9l'l leln 1 ~01.1. ~,h().nnl 6011'trl. o/~o'(~ I It. ~g/'jq o~n'nfil kit: IWOI - 
1 lZ %I* U i: +GI 0 ?.bO'D 0 *Sl 508'1 %D'Z I +51 E5E ?'u6'0 t +C 1 
LPS %11,l El tl I2 B,'oE'O 1 PI 0 ?40.0 0 tl LLI %S'O L PI 
i- L9 RIP' I 9 I EL 24 %6'0 E El 0 %O'O 0 El LLI %Z'O I E 1 
166'01 o/;~,tr'ZZ 192 tl 61F %EL EZ Z[ 1~8;01 W9'tl 9 1 LEZ'~ %Z'I I tt f I 
BEE'ZI %Z'SZ E6Z I I 6Z~'l 961-81 b9 11 ~frtr'tl K5.61 8 I [ 5~9'8 %FZZ 8f I[ 
L 10'6 IlY8 1 tl i 01 LZL %Z'OI EE 01 ~lt'~ %E'L E 01 081'9 %PPI fE 01 
LU'Z 'Fig"$ 23 6 I bZ 941-f t I 6 508'1 %VZ I 6 ZF6'1 ?4I'Z I I 6 
5L8'L 51'91 L8 1 8 ~t;l'I %1.91 55 9 8 95~~9 %!3 91 9E 8 8 1t8'0l W9'1.I 

*, .+ 
Y~E' I /aL L LC L 565 %9'S 6 1 1 SO3'I %b'T I L 99L'I %L b 01 L 
1161'it ?,is t. TS 9 6ZEC1 %L'81 P9 9 150'81 %'/bP'tZ 0 1 9 Et.9 %FLl LE 9 
560' I y,ey 9C E 9~t'l %S'Ll 09 . S 520.6 ?GZ.Zi C Z 68~'I ?,Kt. 6 F 
o oj;o-o 0 P zt %9'0 e P o ~,bo'o o t. o %cq 0 0 t 
o 9,bO'U o e o ~"oo.0 o E o %o'o o E o ?;i"o I) E 
1) O/b0'0 0 Z 0 MO'Q (1 Z 0 960.0 0 Z 0 %D'O 0 L 

'686 1 ' 13I.wg yy8o~ 'uoypas ~LIILISIJ Lq '(sauuo~) swruorq 
ICah-~~~s ~VT.I~V h" + 1 pue 1 Lq pa~rl%!arn 'LE jq 5 1 -E 1 u1111e.q~ Brigdrrrss so4 sa~w.uylsa rto~~~sodmo:, a8v .Z 1 a1qE-L 



Table I;. Age colnposition estimates for sampling 
stratum 2 - 2 5  hfay, weighted by 24 May 
serial survey biomass (tomes), by 
fishing section, Togiak District, 1989. 

Sa~npling Duet 22-25 Mny Sae~pIisg Dues: 12-25 Mil!? 

Swrios: tLdnkak Seclib~~:Togii~k n>d Hnyemeis~er 
Biornass: 8.794 tont~es Biamnss: 14.482 tontlcs 

No. of krcetit No.ufFis11 No. of Percet~t No.of Fidl 

Age S,mples by Nn (XI0001 A:- Ss!nptes by No. [XIOOO) 

1 0 O.O?'i 0 I 0 0.0% U 

Age Weiylu Weight Bioinnsa Age Weiglrr Woiylrt Biarr~ass 
I 0 0.0% 0 1 0 0.056 0 









5/@-09 5/10-12 5/13-15 916-1 8 511%11 5122-14 

Date 

Figure 3. Unweigl~tecl age composition, by number of h e m  samples 
collected by nonselective gear, by sanlpliog period , Togiak 
District, 1989. 
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C7 Kulukak 
I Nunavachak 
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I Pyrite Point 
U C.Newenham 

Figure 4. Proportion of the commercial harvest caught in each fishing section 
by gear type, Togiak District, 1989. 



Figure 5 .  Age composition of the conunercial purse seine fishery by number (top) 
and by weight (bottom), Togiak District, 1989. 



Figure 6. Age composition of the commercial gillnet fishery by number 
(top) and by weight (bottom), Togiak District, 1959. 



bate 

---.. F i s h e r y  Biomass .-,. Milt 

Figure 7. Biomass (tonnes), timing of the fishery and kilometers of milt observed during 
aerial assessment, Togiak District, 1989. 



Figure 8. Age composition (in numbers of fish) by sampling period and fishing sectioil 
corresponding to aerial surveys conducted 9 May, Togialc District, 1989. 



Figure 9. Age composition (by number) by sampling period and fishing section 
corresponding to aerial surveys conducted 12 and 15 May, Togink District, 
1989. 
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Figure 10. Age composition by sampling period and fishing section corresponding 
to aerial surveys 24 May, Togiak District, 1989. 



P
er

ce
nt

 b
y 

W
ei

gh
t 

P
er

ce
nl

 C
om

po
si

ti
on

 
(T

on
ne

s)
 

by
 N

um
be

r 
-
Z

 

a
u

l
O

$
g

!
2

 
4
 

N
 

S
&

=
$

*
S

$
 

O
U

l
O

(
n

~
 

s
s

.
s

s
s

 
1 

7
 

-
 



Togiak 
AK Peninsula 

fl An;tic/Yukan/Kusko 

Fibare 12. Contribution of the 1989 Togiak herring total run biomass to the assessed 
total run biomass in the eastern Bering Sea. 





Appendix kl. Agej q and & m e  ofPaH~ henkgca@t bycmmenid 

. -  

Sex t-I - m* -@ 

of &an ~~ &- 
sanple mes %e Male m e  T w d  mal (g) rn kk5ebd (rm) SD w a s ~ &  



AppendixA.2 A g e , ~ m d s i a e c o ~ m o f l P a c i f i c h ~ m u g b t b y ~ ~ ~  
purse seine Hqpmkkr Section, 1%13 May 1989. 



AppendixA.3. A g e , s e s q a n d & ~ n o f ~ h e r r i n g ~ t b y c o ~  
p w  sine grite Point %dim, 12-13 May 1989. 

Sex bnnkr) Percent 
d man b t k e r & a n  Nunber 

m e  IS.- ?w M e ~ e m k r i a m ~ c t d m t a l  (g) 8)  we&#& (mn) cay 



Appendix A.4. A g p , s s c , a n d ~ m ~ n o f ~ ~ g c a ~ t b y ~  
p m e  seine Cape New- Section, 13 May 1989. 



Appendix A.5. A g e , s e s , a n d s i z j e ~ o f ~ b e r r i u g ~ t b y ~  
purse seine Togiak, l%geds&, Pyrk Point and Cape Newdmm sectioYls 
combined, 1213 May 1989. 

1 
42 
41 
16 
61 
18 
81 

111 
74 
5 
4 
1 

- 
45s 



AppendbcA.6 ~ s e x , a a d s i z e c o ~ o f ~ h e r r i n g ~ & t b y m d ~ d  
XCuhrkak Section, 9-14 May 1989. 

h (nu&=) Rsxx!& 
of &=l ~~ Nmbr 

saaple mtes J!F ~ e R m d e ~ W T a a L  (g) SD Weighed (rrm) 9, mmmd 

3 
4 
5 1 1  0 2 0.6 201 9.9 2 245 2.8 2 
6 19 17 0 36 10.6 257 39.8 36 264 10.2 36 
7 12 8 0 70 5.9 304 44.8 20 276 8.8 20 
8 43 35 0 78 23.0 3 4 1 4 1 . 8  78 282 U.1 78 
9 12 19 0 22 9.1 366 53.8 31 290 8.1 31 

10 21 22 0 43 7 400 53.4 43 297 8.6 43 
11 40 29 1 70 20.6 43147.6 70 303 8.7 70 
12 25 26 0 51 E.0 435 51.4 51 305 10.2 51 
l3 3 1 0 4 1.2 428 33.7 4 305 12.1 4 
14 2 2 0 4  1.2 464 71.6 4 308 12.4 4  
1s 
16 

mle Total 178 160 1 339 100.0 374 76.4 339 291 16.8 339 



AppendixA.7. A g e , s e x , a n d ~ ~ o f ~ h e r r i n g c a ~ t b y c o ~  
met Nunavachakmn, 914 May 1W. 



AppendixA.8. Age,sex,andsbRcomrposition o f ~ h ~ g c a u g h t b y m ~  
gillnet Kulukak mdNunavachak secths combined, 9-14 May 1989. 

3 
1 = 
5 2 1 0 3 0.5 24067.9 3 25618.6 3 
6 24 26 0 50 8.0 270 41.8 50 265 9.4 50 
7 10 12 0 30 4.8 3U a . 2  30 276 8.7 30 
8 83 67 0 150 24.0 351 43.0 150 284 10.3 150 
9 27 25 0 52 8.3 370 47.1 52 290 8.7 52 
10 52 49 0 101. 16.1 414 51.4 101 297 10.2 101 
11 81 57 1 I39 22.2 438 49.5 U 9  303 9.7 U9 
12 46 40 0 86 U . 7  438 52.7 86 305 9.3 86 
U 3 1 0 4 0.6 428 33.7 4 305 12.1 4 
1 4  4 4 0 8 1.3 464 60.2 B 309 9.9 B 
1s 0 2 0 2 0.3 557 33.4 2 320 0.0 2 
16 0 1 0 1 0.2 467 1 322 1 

Fknp1e Total 340 285 1 626 100.0 388 72.6 626 292 15.8 626 

A l l  mined 7 537 L UM 100.0 368 73.2 I304 293 15.8 U04 
Sex -ith 58.8 41.2 

-5# 152 lll 2 265 20.3 382 73.3 265 295 16.2 265 
Sex -th 57.0 42.2 



AppendixA.9. A g q s e x , a n d s i z e w ~ o f ~ h ~ ~ t b y ~ m ~  
purse sehe KuIukak &&m, 7 May 1989. 





Appenrjxkll. ~sex,anclsiaeoompositiooofPlarriticherringcaugbtbytestm~ 
purse seine To@& Seetbn, 5-10Mky 1989, 

f h c  t-1 Pefient 
l@nl E T l a t S z r m  Nmszl: 

Sarcple Dates * M e  m e  thkm Ttrtal Tota (g) 93 we@-& [mn) 9) wzzsmd 



3 
1 
5 1 1  0 2 1.6 15723.3 2 224 0.0 2 
6 2 4 0 6 4.8 265 61.7 6 257 9.3 6 
7 1 2  0 3 2.4 30358.6 3 26819.0 3 
8 6 15 0 21 168 366 36.0 21 282 8.9 21 
9 0 8 0 8 6.4 393 55.0 8 289 8.3 8 
10 7 ll 0 18 14.4 43155.6 18 29612.5 18 
U 11 16 0 27 Zl.6 450 47.6 27 299 12.1 27 
12 19 16 0 35 28.0 475 49.2 35 305 10.2 35 
U 1 0  0 1 0.8 505 1 305 1 
14 0 3 0 3 2.4 547 33.5 3 319 8.9 3 
L5 1 0  0 1 0.8 434 1 302 1 
16 

S'aTpk TWd. 49 76 0 125 JOO.0 424 83.4 125 293 18.8 125 

3 
4 
5 3 1 0 4 6.6 164 41.5 4 240 7.5 4 
6 5 3 0 8 l3.l I36 55.1 8 254 Il.6 8 
7 2 4 0 6 9.8 262 62.3 6 274 9.3 6 
8 4 6 o 10 16.4 267 77.0 10 280 9.4 10 
9 2 2 0 4 6.6 28393.1 4 287l3.2 4 
10 3 5 0 8 U.l 367 45.4 8 297 8.8 8 
11 8 5 d 13 21.3 363 81.6 U 303 6.9 U 
12 4 4 0 8 U.l 338 53.6 8 306 7.5 8 
l3 
14 
15 
16 

Sarple Total 31 30 0 61100.0 29492.9 61 28422.6 61 

3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 

All Wles Ccnbiaed 
Sex Rnpxiticn 



A. 12. Age, sex, andsize 0- ofPadk herring caught bytest m e  
purse seine H m t e r  Sahn, 520 May 1989. 



sex ~~) !axcmt 
of Mean ~ M ? m  N i x k c  

sanple Dates %= W @ F m d e L b k m m ' ~ ~ d ~ a t a l  (g) 5~ w.ghd (mn) 9) mmnd 

m e  m3l 43 78 0 121 100.0 394U0.9 121 297 16.2 I21 

3 
4 
5 0 2 0 2 1.8 200 33.9 2 242 12.0 2 
6 1 7  0 8 7.2 273 50.1 8 261 9.1 8 
7 5 4 0 9 8.1 28767.8 9 26817.9 9 
8 1 12 0 13 Xl.7 354 33.5 U 282 7.1 13 
9 3 6 0 9 8.1 397 55.1 9 290 12.3 9 
10 8 14 0 22 8 40576.6 22 295U.3 22 
II U 15 0 28 25.2 451 54.0 28 303 7.9 28 
12 8 11 0 19 17.1 447 44.2 19 310 9.5 19 
I3 0 1 0 1 0.9 526 1 322 1 
14 
15 
16 

S2mple TotdL 39 72 0 1 l . l l oo .O  396 85.8 ill 292 19.5 l3.l 



- ==EP= 
Ssc (mk.=) Rzcelk 

of m3l-i bnnkECM5an mlker 
Simple Dates W e m d @ - m w d  (g) 91 wei- (4 9) 

3 
4 
5 L5 8 0 23 3.7 l94 29.1 23 242 8.9 23 
6 26 28 0 5Q 8.6 253 40.9 54 260 9.7 54 
7 15 7 0 22 3.5 27357.2 22 26515.0 22 
B 46 58 0 104 16.6 339 62.1 104 281 ll.8 104 
9 20 23 0 43 6.9 376 70.8 43 289 11.1 43 
LO 59 X 0 BtI 20.8 410 83.4 130 296 32.5 UO 
U 70 75 0 145 23.2 426 &.5 144 300 11.1 145 
12 31 64 0 95 15.2 45174.9 95 306 9.1 95 
U 1 4  0 5 0.8 479123.3 5 316 14.2 5 
14 o a o 2 0.3 607 91.9 2 323 0.7 2 
15 0 3 0 3 0.5 475 144.1 3 301 8.3 3 
16 

A l l  Sanple6 wines 283 343 0 626 100.0 381 102.2 625 289 20.0 626 
Sex Qnposith 45.2 54.8 - 40 62 0 102 16.3 417 93.9 102 295 18.0 102 
Sar Cmpzsi t icr i  39.2 60.8 



Appendix A13. Age, sex, and size o o v b  of Pa& henkg ought by test commerdal purse 
wine ~ P o ~ t S e & o n , l l  May1989. 

Ssc (-1 RrEnt 
of rean lanker Mean Mxdtxs 

SlnpIc wte~ &p M e  Fanale lbhmm Tctdl Tmal (g) 9) WE@.& [mnJ 9, b%esuml 





AppdixAJ5. Age,sex,andsinecompositiond~herringcaaghtbytestoo~ 
purseseine Kt&kak, Nunmmhak, T ~ H a g e m e b W , ~ P o m t  and 
Cape Nmdarrg 520 May 1989, 







Appdixkl6 Age, sex, andsize CO- ofPacif~~ herxingmght bykt  variable 
mesh ~ e t ~ ~  1-23 May 1989. 

Percent 
m - 

SPX (-1 
d Pkm N m h C M e f a r  lanker 

m e  Dates Pge ~ e ~ e ~ ~ ~  (g) ED W = i # d  ((Rml SD rhsurd 

Saple 'JbW. 3 0 0 3150.0 3 7 9 4 5 . 6  3 305 10.7 3 
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Weight -'m 
h (-1 !?wxmk 

of m IadX?r lus3an  mI&ex 
Dates  Pge ~ e F e n d l e ~ w t a 3 .  Total (g) 9) we.igk8 (mn) a mamred 

3 
4 
5 4 D 0 4 3.5 191 34.0 4 241 9.7 4 
6 4 4 0 8 7.2 252 23.9 8 259 6.8 8 
7. 1 0  0 1 0.9 292 1 260 1 

3 14 U 0 27 24.3 339 53.2 27 282 ll.7 27 
9 1 0 10 9.0 356 24.1 10 289 8.2 10 

10; 7 ll 0 18  16.2 394 43.7 18 297 12.4 18 
ll. 16 U 1 30 27.0 422 47.0 30 301 7.9 30 
12 6 4 0 10 9.0 41646.0 10 30711.0 10 
U 2 0 0 2 1.8 360 36.2 2 303 3.5 2 
14 
15' 
16 0 1. 0 1 0.9 46a I 325 1 

W e  lBhl 63 47 1 111 100.0 368 74.3 u 29018.9 XU 



Appendix A.16. @. 4 of$) 

3 
4 
5 2 0 0 2 1.7 19239.9 2 245 17.7 2 
6 9 4 0 33 10.9 210 39.7 U 254 ll.1 U 
7 5 , O  0 5 4.2 238 U.4 5 263 7.5 5 
8 17 . 5 0 22 18.5 31950.0 22 280 9.7 22 
9 6 ; 2  0 8 6.7 333 28.5 8 286 7.0 8 
10 16 . 7 0 23 19.3 363 59.6 23 292 12.5 23 
11 I3 :18 0 31 26.1 392 73.3 31 297 10.6 31 
12 10 ' 4  0 14 ll.8 394 37.8 14 300 9.0 14 
13 
14 
I5 0 .. 1 0 1 0.8 394 1 309 1 
16 

- @ e w  78 dl 0 119 100.0 339 82.6 lI.9 286 1E.S U9. 





kxe& 
w* 

sex mm-ber) 
- 

of &all ~~ mlbx 
saPrple mtes Pge M d e ~ e ~ ~ T & a l  (gl W&$& (mo) SI Wasmd 



- - 
sex (-1 

of mxn Emkrm - 
sarple Datw Pqe K d l e ~ ~ m d  lwd.  Ig) SD W&#ed (tmr) SJ I%%uz& 

4 
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Appendix A.17. AgP, sex, and size a t q d i o n  ofPaSc herring caught bytest variable mesh 
g&et Nunavxbak Section, 4-19 May 1989. 

Weight: - 







AppendhAl& Agp,se;rqandsiaew~ ofPadkherringcaughtbytesE.~lem~sh 
@net Togiak &dim, 19 May 1989. 



3 
4 
5 2 4 0 6 4.9 185 24.9 6 237 6.8 6 
6 14 6 0 20 16.4 23134.9 20 253 32.1 20 
7 1 1  0 2 1.6 289 32.5 2 274 9.9 2 
8 18 9 0 27 22.1 293 38.0 27 274 10.8 27 
9 6 2 0 6 6.6 340 56.7 8 285 '7.9 8 
10 I2 9 0 21 17.2 413 36.6 21 294 9.4 21 
11 16 10 0 36 21.3 416 49.1 26 301 9.2 26 
12 8 3 0 ll 9.0 443 79.8 I 3  310 9.1 U 
U 
14 
15 0 I 0 1 0.8 577 1 325 1 
16 

-1e Total 77 45 o 122 100.0 343 95.9 122 282 23 -1 122 





Appendix A2Q Age,~andsioe~~~nofPacifich~caughtbytest~kmesh 
ginnet Kuiukak,Nunavach&mdHagejster~~]~~~mbined, 
1-23 May 1989. 
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Sex (*) Pzceuk 
of rmn M X r k C I f e m  lilxrkc 

SzqfLe Dates Xge ~ e ~ e ~ T c t a l ~  (g) sa w+d (nm) 9) 
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mw mw' 
sE% hmker) Percent 

of wan R m k r m  
-@@ l9= i + l e % m l . e ~ ~ T a t d l  (9) W=&bd bd 0 f+kasud 



- - 
sex bmb=) Percent 

of wan tmkr Elean IaxdxX 
Sinqple Wtes Pge W e  Rmde Ukmm Totdl Total (gj 91 W@ed (mn) 91 MmsmeA 





sex (-) l+zrce& 
& M=3n ~~ = 

mple Wes Pge M e  E k d k  lhkmm Tetd Totd tg) SD Weighed (mn) $O Pkmmd 







AppendixB.1. A g e , q m d & ~ ~ ~ d P a c i f i c h ~ @ t b y ~ p u r s e s e i n t e  
TogbkSedion, 1213 May 1989. 



AppendiK B 2  A%e, sex, and s h  compclsitian ofPari6c henkg caught by commerrial purse seine 
F@pebiw Sectiw, I213 May 1989. 

S e x -  - -q' el 
rro. m. m. rn m e  mlde 

p9e ~e~~ m. l k h u m ~ ~ ~ l h l m c u n ~ R i p e ~  

3 
4 
5 4 8 0 12 .O 50.0 50.0 .O .O 37.5 37.5 25.0 
6 9 a o 17 .o 33.3 44.4 22.2 .o 37.5 50.0 12.5 
7 3 6 0 9 .O .O 33.3 66.7 .O 16.7 66.7 16.7 
8 36 24 0 60 2.8 25.0 50.0 22.2 .O 20.8 62.5 16.7 
9 13 4 0 17 .O 38.5 38.5 23.1 .O 25.0 75.0 -0 

10 22 25 0 47 .O 85.5 50.0 4.5 .O 20.0 64.0 16.0 
11 38 38 0 76 .O 23.7 65.8 10.5 .O 2.6 94.7 2.6 
12 41 45 0 86 .U 34.1 58.5 7.3 .O 33.3 77.8 8.9 
13 0 3 0 3 .O .O 100.0 .O 
14 3 2 0 5 .O -0 100.0 ,O .O .D  100.0 .O 
l.5 
26 

-K'le 'mi4 169 163 0 332 .6 30.8 55.0 13.6 .O 15.3 74.2 10.4 

3 
4 
5 7 2 0 9 .O 28.6 14.3 57.1 .D .O 100.0 .O 
6 12 13 0 25 .O 16.7 50.0 33.3 .O 38.5 61.5 .O 
7 6 3 0 9 .O -0 66.7 33.3 .O 33.3 66.7 .0 
8 29 27 0 56 .O 3.4 58.6 37.9 -0 18.5 59.3 22.2 
9 7 8 0 15 -0 14.3 57.1 28.6 .d .O 75.0 25.0 

10 30 27 0 57 .O .O 93.3 6.7 .O 14.8 85.2 .O 
U. 46 41 0 87 .O 4.3 67.4 28.3 .O 7.3 82.9 9.8 
12 32 38 0 70 . O  3.1 68.8 28.1 .O 2.6 92.1 5.3 
U 2 3 0 5 .O .O 50.0 50.0 .O .01OO.O .O 
14 2 3 0 5 .O .O 100.0 .O .O 33.3 C6,7 -0 
1.5 1 2  o 3 .o .o .o 100.0 .o .a 10a.o .o 
16 

4 
5 ll 10 0 21  -0 36.4 27.3 36.4 
5 22 2 1  0 42 .O 23.8 47.6 28.6 
7 9 9 0 18 .O -0 55.6 44.4 
8 65 51 0 l l 6  1.5 15.4 53.8 29.2 

u-n MY 9 20 12 o 32 .o 30.0 45.0 25.0 
10 52 52 0 204 .O 19.2 75.0 5.8 
1l 84 79 0 163 .O Y. l  66.7 20.2 
12 83 0 156 .O 20.5 63.0 16.4 
U 2 6 0 B .O -0 W.0 50.0 
14 5 5 a 10 .o .O 200.0 .o 
IS I. 2 0 3 .O .o .O 100.0 
16 



AppendkI3.3. Agq sex, and size composifion of Pac& herring caught by c o d  purse seine 
Pyrite Point S ~ O I I ,  12-13 1989. 



Appendixl3.4 Agqsqandsiaem-ofP&herringmtby c o m m e r r i a l ~ s e j n e  
CpNewenharn Section, 13 May 1989. 

--- c a d  -ty (%) 
m. oo. no. 7Mal M e  mmle 

sarptem=%e ~~~ m. l t l k w m Q e e n * ~ ~ ~ + Q M n a d ;  

3 
4 
5 1 0  0 1 .O .O 100.0 .O 
6 2 0 0 2 .O  .O 100.0 . B  
7 1 3  0 4 .O .O 100.0 .O .O .O 33.3 66.7 
8 8 9 0 17 .O .O 75.0 25.0 .O .o 100.0 .o 

13 m 9 3 3 0 4 .O .O 100.0 .o .O .o 100.0 .o 
10 YL 6 0 17 -0 .O 100.0 .O - 0  .O 100.0 .O 
ll 19 17 0 36 .O .O 100.0 .O .O .O 100.0 .O 
X2 17 14 0 31 .O , O  100.0 .O .O 7.1 92.9 .O 
I3 3 0 0 3 .o .O 100.0 .O 
24 0 1 0 1 .O .O 100.0 .O 
15 0 2 0 2 .O .o 100.0 -0 
L6 

==Kite- 65 55 0 120 .O .O 96.9 3.1 .O 1.8 94.5 3.6 



ApjmdixBS. A g e , ~ a n d ~ m ~ o f P ~ h ~ ~ t b y m m t n e r c i a t p ~ s e i n e  
TC@&,-~ g?iEePoint and CapeNew&am&ns, 12-13May 1989. 

= -  oagd tMm5.q  (2) 
m. no. m TcM M e  F m ~ i l e  

S a r p l e I 3 . t ~ ~ ~  ~ e ~ e ~  la. W n c m m R i p e  @wat thhxmmw Spanat  



Appendix86 A g e , s q a n d & o o m p o s i t i o n d ~ h e r r i n g ~ t b y ~ ~ d  
lWk& Section, 9-14 M q  1989. 



AppendixB.7. Age, sex, and she cornpasition of- herring caught by commerrial gbel  
Nunawhak Secflon, 914 Mq1989. 

s e x -  i3md Egturie- {%I 
m. m. m. %tal Male Fgrale 

Smp1eI;l;sespge NdeRideWmxa m. ~ ~ R i p E p m m a t l h k w m G m m ~ ~  



&a ~~and~aMlpositionofPrmcifich~g~tbycomnvercial~d 
Kwhhkand N u n a v x h a k e  $14 May 1989. - -  ccmd M3tLnity (%I 

no. m. no. Tatal . M e  Fmale 
SmpLeDatesPge WeFandle- m. W a m a G r e g l R i p e @ m a m t ~ ~ R i p e ~  



B9. A g e , ~ a M i s i a e c o m p d t h o f E ' a d k h ~ g ~ t b y ~ ~ ~ s e i n e  
Kulukak Section, 7 May 1989. 



B.10. ~ ~ a n d s t a e a , ~ o f P a d f i c h ~ ~ ~ u @ t b y t e s t w ~ p u r s e s e i n ~ f  
Numwrbak Section, 20 May 1989. 



AppadbrK11. A g e , s q a n d s k e m ~ o f ~ ~ ~ t b y W ~ p u r s e &  
TO@ Section, 5-10 May 1989. 





Appendix812 A g e , ~ a n d ~ c o ~ a f ~ h ~ c a ~ t b y t e s t o ~ p r u s e s P i n e  
H- Section, 5-20 May 1989. 







Appendix813. ~sex,mdsioecompositionof~herring~tbytestcomnaerdaIpurse 
seine Pyrite Point &dim, 11 May 1989. 

s e x -  C;cnad Mzuxity (%) 
M. m. m. w M3le Ebde 

Smple Dates 3rge IMe lgraleL&acm m. L b b x n  Oreen Ripe spakncut Ripe -t 



AppendixBl4. A g q w  andbrn- o f P d c  herring aught by f s k m m w d p  
seine IWhkJVu.nadak,T~~axrd~Wsectbns, 
520 May 1989. 

.-..- a- oCMi -w ($1 
no. lo. m. T d a l  W e  Fm&e 

L e  t wc Rzs& k- m. K&X?..P GEZE P i ? p  ,Sp3xx?k W !  Rem R i p  .S@wxut 



= -  a m t d t y  ($1 
- no. ID. TataZ W e  Fanale 

!ap1er>taesFgz ~~~ m. ~ ~ r e a ~  &wmt I h d a r x V n ~ r e e n R i p -  



Appendix B.14. @3 of3) 

--- - M t Y  ($1 
no. . m. mal M e  Etade 

sarple Dates Pge W e  m e  Ct&incm no. Wctxm Qersl R i p  S p m m t  Wuwm Ripe qmnmt 



AppendixB.15. Age,sex,and~~0~dPacilicb~~tbytest~knresh@ne4 
KIM& Section, 1-23 May 1989. 



- ' - -  culd b t d t y  (%) . no. m. Total rygle Fade 
Smp.l.eaates Pge WeFetraleWaxI m. WuwmC;reen Rip= S p a x m  LhlmahlGrer?n R i p  Spawn& 



--- - -ty (%I 
m. no. no. ~ata l  m e  ~bm3.e 

SEnpleDatea 2g2 ~~~ m. mlux%a Green Rip? wanin F&x? spault 

3 
4 
5 
6 
7 
8 2 X 0 3 .O 50.0 50.0 .O 
9 1 0  0 1 .O 100.0 .o .O 
10 2 1 0 3 .o .O 100.0 -0 
If. 1 2  0 3 -0 - 0  100.0 -0 
12 1 1  0 2 -0 LDO.0 .o .0 
U 
14 
15 
16 

SanpIe Tctal  7 5 0 12 .O 42.9 57.1 .O .O 20.0 80.0 .O 

3 
4 
5 4 0 0 4 .O 50.0 50.0 .O 
6 4 4 0 8 .O .O 100.0 .O .O 200.0 .o , .O 
7 1 0  0 1 .O -0 100.0 -0 T 

8 14 U D 27 .O 35.7 57.1 7.1 .O 15.4 84.6 : .O 
9 9 1 0 10 .O U.l 88.9 .O -0 -0 100.0 ' .O 
10 7 U 0 18 -0 .O 100.0 .O .O 18.2 81.8 .O 
11 16 U 1 30 .O .O 93.8 6.3 .O 15.4 84.6 .O 
12 6 4 0 10 .O 16.7 83.3 .O .O -0 100.0 .. .O 
I3 2 0 0 2 .o .o 100.0 .o 
14 
1s 
16 0 1 0 1 .O .O 100.0 -0 

w e  T w a l  63 47 1 lll .O 14.3 82.5 3.2 .O 21.3 78.7 .O 

3 
4 
5 5 1 0 6 .O 40.0 60.0 .O .O -0 100.0 .O 
6 4 9 0 U -0 25.0 75.0 .O .O -0 100.0 .O 
7 2 0 0 2 .O 50.0 50.0 .O 
8 I0 8 0 18 .O 30.0 70.0 -0 .D 25.0 75.0 .O 
9 4 1 0 5 .O 25.0 75.0 -0 .O .O 100.0 .O 
10 LO 4 0 14 .O 30.0 70.0 -0 .O 25.0 75.0 .O 
11 13 10 0 23 .O 30.8 69.2 .O .O 20.0 80.0 ' .o 
12 5 3 0 5 .O 60.0 40.0 .O .O 33.3 66.7 .O 
U 
14 
15 
16 

SarpIe Tatal 53 36 0 89 .O 34,O 66.0 -0 .O 16.7 83.3 .O 

. - c h l h d  



- 
a -  Cooaa Nahuity (%) 
m. m. no. mbl l a c ?  F b d e  

S&rpleWa Pge MdeF%oaleWmzm m. IXkxw &eu Ripe E&mcut t k d c a a  (5asl Ripe 
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* -  Gcnad Natmity (%I 
nb. . m. Total M e  FBldle 

-1eWes Pge W e  Fardle Wm.a m. Llnkma Green R .  Spmxt Wwm Gcen Ripe S p a m a t  





4 
5 P I4 0 23 .I! .O 100.C! 
6 16 U. 0 27 .O .O 100.0 
7 1 1  0 2 .O .O 100.0 
8 8 11 0 19 .O .O 100.0 

21 May 9 2 4 0 6 .O -0 100.0 
10 6 3 0 5 .O .O 100.0 
X l  9 6 0 15 .O .O 100.0 
Y2 5 5 0 10 .o .O 100.0 
13 
14 
15 
16 



a -  rn M t y  (%I 
no. . m. T B S l  M e  FBFale 

&mp1eIhtes&p IWe3Xnd.e- no. tJnhmm-+ Spamt Uhmn~QreenRipeSgmxiat 





* -  M t r  ($1 
m. no. 1x3. Tctdl wale Ferrale 

sinpLeDatese ~~e~ M. ~ ~ d a w a ~ ~ ~ ~ ~ ~ ~  







= -  - M3mrity (%I 
m. no. . Tatal W e  W e  

SarpleDaCesPge F d e F w a Z e ~  m. U h m m ~ m n R i p e  --Ripe;- 

3 
4 
5 
6 
7 
8 
9 

10 
11 3 1 0 4 100.0 .O .o .O 
12 0 1 0 1 
13 
14 
l!3 
16 

w e  - 3 2 0 5 100.0 .o .o -0 .o 100.0 .o .a 

3 
4 
5 0 1 0 1 .o 100.0 .o -0 
6 
7 
a 3 4 o 7 .O .o 100.0 .o .o 25.0 75.0 .o 
9 2 0 0 2 .O .O 100.0 .O 

10 7 3 0 10 .O 14.3 85.7 .O .O 33.3 66.7 .O 
U 3 8 0 L l  .O .O 100.9 .O .O 37.5 62.5 - 0  
12 1 5  0 6 .O 100.0 .O .O .O 20.0 8Q.O -0 
I3 0 3. 0 1 -0 1m.o .o -0 
14 
15 1 1  0 2 .o 100.0 .O .o .O .o 100.0 .o 
16 

h p l e  Tatdl 17 23 0 40 .O 17.6 82.4 .O .O 49.8 65.2 .O 

3 
4 
5 2 0 0 2 .o -0 100.0 .O  
6 0 1 0 1 .O .O 100.0 .O 
7 
8 8 7 0 15 .O .o 100.0 .O .o .o 100.0 .o 
9 4 3 0 7 .O .O 100.0 .O -0 .O 100.0 .o 
lo 8 3 0 3.l .O .o 100.0 .o -0 .O 100.0 .o 
ll 12 5 0 17 .O 8.3 91.7 .O .O -0  100.0 .O 
12 9 3 0 12 .O U.1 88.9 .O .O .O  100.0 .O 
U 
14 2 0 0 2 -0 -0 100.0 . D 
15 I 0  0 1 .O -0 100.0 .O 
16 

W e  46 22 0 68 .O 4.3 95.7 .O .O .O 100.0 .O 

a x l i l d  



- -  cud kturity ($1 
M. m. w lrgle Faraze 

sanple Dates Pge M e  m e  L3km.m m. Lhkram &EE%I R i p  S p m a k  U k a a  Grem ~ i p e  S p r a t  





- -  oblaa h t d ~  (%) 
m. m. m. lbtal M e  ~ % d e  

m l e  Dates Pge M e  ~~ m. GDkmm &en Ripe Sp3wmt Lbkmm Green R i p  @%xUt 

3 
4 
5 5 3 0 8 .O -0 100.0 .O .O  .O 100.0 .O 
6 16 5 0 21 .O .O 100,O -0 .O .O 100.0 .O 
7 3 3 1 7  .O .O 100.0 .O .O .O 66.7 33.3 
8 U B  0 19 .O .O 90.9 9.1 .O 12.5 87.5 .O 

16 thy 9 2 2 0 4 .O .O 100.0 .O .O .O 100.0 .O 
10 2 6 0 8 .O .O 100.0 -0 .O .O 66.7 33.3 
U. 10 6 0 16 .O .O 90.0 10.0 .O .O a . 3  16.7 
12 2 4 0 6 .O .o 100.0 .o .a .o 100.0 .o 





Appendix RXS. @. 7 of 8) - -  anal mtdty  [%I 
m. m. m. Total mle Farale 

Snp;LeDatesWe W e E k m l e U b m  na. L k k w n ~ m r a R i p e ~ ~ ~ R i p e ~  
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